Aromatic amines are potential mutagens and carcinogens, so biodegradation of them may protect our environment by safely getting rid of these compounds. In the present study, 5 aniline degrading isolates were recovered from 30 samples of sewage and agricultural wastewater, The five isolates were identified biochemically and by 16S rRNA gene sequence analysis as Achromobacter sp. (2 isolates), Pseudomonas sp. (2 isolates) and Enterobacter sp. (1 isolate). Biodegradation of aniline was measured by HPLC, and within 10 days, aniline degradation percentage was variable ranging from 27% to 61% of the initial aniline concentration with the formation of catechol as the byproduct which was further biodegraded to cis, cis muconic acid confirming that the isolate was following the ortho-cleavage pathway. Additionally, the ability of these isolates to degrade aniline was confirmed by measuring the optical density (OD) of the growth of the five isolates in the presence of aniline as sole carbon source using the microtiter plate method at 620 nm. The genomic DNA and plasmid of the isolates were then extracted. Screening for selected genes, known to encode aniline depredating enzymes; cat1,2, cat2,3, tadR, and tdnQ using PCR was  done. It revealed the presence of cat1,2, tadR, and tdnQ in the plasmid preparation. Significance, and Impact of study: It was concluded that aniline is degraded by the five isolates through a pathway involving enzymes performing ortho-cleavage of the benzene ring and these isolates could have a potential role for use in bioremediation of aniline contaminated environments.
INTRODUCTION
Environmental pollution resulting from the incontinent synthesis of xenobiotic compounds has become a dangerous threat to the biosphere . The second most common class of organic compounds in the biosphere, after carbohydrates are aromatic compounds (Bull et al., 2011) . Industrial sectors such as oil refining, dyes, cosmetics, medicines, rubber, agrochemicals, explosives are considered the primary sources of aromatic amines (Palmiotto et al., 2001) .
Aromatic amines can be classified into three types: monocyclic, polycyclic and heterocyclic (DeBruin and Josephy, 2002; Stellman, 1998) . Monocyclic aromatic amines bring hazards to human health and aniline is one of them.
Aniline, the parent molecule of aromatic amines with C 6 H 5 NH 2 chemical formula is amongst the most critical substances in chemistry (Sihtmae et al., 2010) . The pharmaceutical and industrially manufactured azo-dye are the primary sources for aniline discharge to the environment (Essington, 1994; Rai et al., 2005) . Due to the expanded use of aniline in the industry, it released into the soil and water bodies (Zeyer et al., 1985) . The high toxicity of aniline and its derivatives is reported to be a significant cause of cancer (Bomhard and Herbold, 2005; Markowitz and Levin, 2004) .
One of the strategies of aniline detoxification is aniline biodegradation by soil microorganisms (Pluvinage et al., 2007; Suzuki et al., 2007) . Many bacteria able to degrade aniline were isolated from agricultural soils and industrial areas (Liang et al., 2005; Vangnai and Petchkroh, 2007) ; aerobic and anaerobic degradation pathways of aniline were also investigated (Boon et al., 2001; Carmona et al., 2009; Liang et al., 2005) .
The first step in the aerobic degradation pathway is oxidative deamination with the production of catechol, with further degradation to cis, cis-muconic acid by the catechol 1,2-dioxygenase (ortho-cleavage pathway) (Aoki et al., 1984; Loidl et al., 1990; Murakami et al., 2003) or to a yellow compound, 2-hydroxymuconic semialdehyde by catechol 2,3-dioxygenase (the meta-cleavage pathway) (Fujii et al., 1997; Takeo et al., 1998a; Takeo et al., 1998b) .
The bacterial species of Pseudomonas (Kahng et al., 2000a; Tanaka et al., 2009 ), Comamonas (Boon et al., 2000) , Rhodococcus (Zhuang et al., 2007) , Acinetobacter (Wyndham, 1986) , Frateuria (Murakami et al., 2003) , Moraxella (Zeyer et al., 1985) , Delftia (Kahng et al., 2000a; Zhang et al., 2008) and Nocardia (Wang et al., 2006) have been shown to be efficient degraders of aniline and its derivatives (Liu et al., 2002) . These bacteria showed the ability to efficiently biodegrade aniline under neutral and moderate conditions (Li et al., 2010) and up till now, aerobic biological treatment was reported to remove aniline efficiently (Chengbin et al., 2009; Takeo et al., 1998b; Zhang et al., 2008) .
The first step in aniline conversion to catechol is a multistep reaction catalyzed by three enzymes, a glutamine synthetase (GS)-like enzyme, aniline dioxygenases and glutamine amidotransferase like enzyme (Liang et al., 2005; Murakami et al., 1998) . Firstly, GS like enzyme catalyzed ATP-dependent ligation of L-glutamate to aniline to form gamma-glutamylanilide (Takeo et al., 2013) . Conversion of gamma-glutamylanilide into catechol is the next step which is catalyzed by aniline dioxygenases. High concentrations of gamma-glutamylanilide are considered cytotoxic agent, but the action of glutamine amidotransferase enzyme prevents its accumulation by converting it to aniline (Takeo et al., 2013) . These three enzymes are encoded by three genes which have been identified in some bacteria like P. putida UCC22 (Fukumori and Saint, 1997) , Acinetobacter spp.YAA (Fujii et al., 1997) , Delftia acidovorans 7N (Urata et al., 2004) , Delftia tsuruhatensis AD9 (Liang et al., 2005) , Frateuria sp.ANA-18 (Murakami et al., 2003) and Delftia sp.AN3 (Zhang et al., 2008) . These genes are carried on either chromosomal DNA or plasmid. The plasmids of Acinetobacter spp.YAA (pYA1) and P. putida UCC22 (pTDN1) contain aniline oxidation genes (atdA1A2A3A4 or tdnQTA1A2B) (Fujii et al., 1997; Fukumori and Saint, 1997) . Also all five genes from Frateuria sp.ANA-18 were expressed in Escherichia coli, and their recombinant bacteria exhibited the aniline oxidation activities (Murakami et al., 2003) . It was demonstrated that loss of activity of aniline oxidation is was the result of deletion of tdnA1A2 or tdnQ genes.
The aim of the present study was isolation, identification and molecular characterization of bacterial strains capable of degrading aniline, in addition to studying the genetic basis of biodegradation.
MATERIALS AND METHODS
Aniline of analytical grade was purchased from El Nasr (Egypt). HPLC-grade acetonitrile and water were purchased from LAB-Scan (Poland 
Isolation and biochemical identification of aniline degrading bacteria:
Thirty agriculture wastewater and domestic sewage samples were collected from different sites from Beni-Suef City, Egypt. Nearly 50-100 ml of each sample was collected in 250 ml sterile conical flasks that were stored at 4°C till use. Aniline was dissolved in acetone and sterilized by membrane filtration using a 0.22 µm Millipore filter. MSM was autoclaved, cooled to 40°C and then supplemented with the required concentration of aniline. Ten milliliters of each sample was added to 90 ml of MSM supplied with aniline at a concentration of 100 mg/l as a sole source of carbon and energy, incubated at 30°C in a rotary shaker (REMI, India) at150 rpm for 10 days. After 3 successive transfers, the culture was serially diluted and spread on MSM plates containing 100 mg/l of aniline, incubated for 7 days at 30°C. Discrete, isolated colonies based on morphological properties were selected and purified to obtain a pure culture.
These isolates were identified depending on Gram stain, cultures characters of colonies, growth on MacConkey agar, growth on cetrimide agar, catalase test, oxidase test, gelatinase test, citrate utilization test, motility test, ornithine decarboxylation test, the reaction on lysine iron agar, indole test and reaction on triple sugar iron agar. All media were purchased from Oxoid, UK.
DNA isolation and manipulation
The genomic DNA of the isolated microorganisms was extracted using GenoElute DNA Bacterial Genomic DNA Kit (Cat. no NA2110) (Sigma-Aldrich, USA). The plasmid of each isolate was isolated using the Qiaprep Spin Miniprep kit (Cat. no 27104) (Qiagen, Germany). The kits were used according to the instructions of the manufacturers.
The success of genomic DNA and plasmid extraction was confirmed by running DNA extracts on 0.8% agarose gel (w/v) (Invitrogen) stained with ethidium bromide (Thermo Fischer Scientific, USA) using gel electrophoresis (Labnet, USA). Then, the gel is illuminated under Whatman U.V Transilluminator (Biometra, Germany) according to (Sambrook et al., 1989) . DNA concentration and purity were determined using the Nanodrop 2000-spectrophotometer (Thermo Fischer Scientific, USA), as ng per µl for concentration and by dividing 260/280 nm UV absorbance readings to obtain purity.
Identification of Aniline-degrading isolates by 16S rRNA
Identification was confirmed by sequencing of partially amplified 16S rRNA gene of the bacterial isolate. Molecular characterization of the selected strains was carried out according to modified (Sambrook et al., 1989) .
For isolate 1 and isolate 4, the 16S rRNA gene was amplified using universal primers pair: V1 Fw Primers solutions were prepared according to the instructions of the manufacturer to a concentration of 100 µM stock solution using nuclease-free water.
PCR was carried out in a total volume of 50 µl using 25 µl of MyTaq PCR Master Mix (2X) (Bioline, Germany), containing 1 µl (10 µM) of each forward and reverse primers together with equivalent microliters to 50 ng of the genomic DNA and finally completed to 50 µl by nucleasefree water. Thermocycling was carried out using thermocycler (Primus 25 Advanced, Germany), the PCR amplification of the 16S rRNA sequences was done according to the thermal profile shown in the table (1) .
The amplification was verified by gel electrophoresis using 1% (w/v) agarose gel supplemented with 0.2 µg/ml of ethidium bromide. PCR products were purified by Gene Jet Gel Extraction Kit (Thermo Fisher Scientific, USA) according to manufacturer protocol. The purified products were sent for sequencing at Macrogen, Korea. Nucleotide sequence similarities were determined using other known sequences found in the GenBank database using the BLAST program of National Center for Biotechnology Information (NCBI) databases.
Inoculum preparation for Aniline biodegradation study
Inoculum size of highly aniline degrader was prepared as described by (Anwar et al., 2009 ). Briefly, a single pure colony from the strain was grown in nutrient broth medium, harvested by centrifugation at 4600×g for 5 min, washed with autoclaved normal saline and resuspended in normal saline to set an OD620 nm of 0.08. Colony forming units per milliliter (CFU/ml) of this suspension was quantified by the dilution plate count technique and required inoculums be prepared by adding an appropriate amount of normal saline.
Analytical Method
One hundred milliliters of MSM supplemented with 100 mg/l of aniline was inoculated with bacterial cells to obtain a concentration of 1.5×10 8 CFU/ml and incubated at 30°C in an orbital shaker at 150 rpm. Aniline residues were detected at different time intervals 0, 2, 4, 6, 8 and 10 days from inoculation. Each treatment was performed in three replicates. A set of media without microorganism amended with an equal amount of aniline was run simultaneously under identical conditions.
Samples used for HPLC analysis were prepared by centrifugation at 10,000g for 15 min, and the resulting supernatants were syringe filtered through 0.22 µm nylon filters. Five milliliters aliquot from the previously mentioned different media were centrifuged at 7200×g for 10 min to remove the bacterial pellets and extracted two times with 50 ml of dichloromethane by shaking vigorously. Dichloromethane extracts were then passed through anhydrous Na 2 SO 3 for dehydration and evaporated to dryness using rotary evaporator at 30°C. The dry residue was dissolved in 1 ml acetonitrile and subjected to HPLC analysis. Twenty microliters were injected in HPLC (Agilent Technologies 1260 Infinity, USA), using Eclipse plus C18 (4.6 ×250mm 5 µm) and diode array detector (DAD) at l 230 nm. HPLC working conditions were acetonitrile: water (70:30), at a flow rate of 1 ml/min. Aniline concentration was calculated by comparison to a standard curve. The metabolic pathway of aniline biodegradation was also investigated using the HPLC technique. The formation of catechol as a byproduct of aniline biodegradation was detected at 270nm. Also, further cleavage of catechol by catechol 1,2 dioxygenase or catechol 2,3 dioxygenase was detected by formation of cis,cis-muconic acid at 260nm or muconic acid semialdehyde at 375 nm respectively.
Detection of isolate growth by optical density method
The bacterial cell mass was determined by transferring aseptically 200 microliters of samples to a microtiter plate and measuring the optical density at 620 nm (OD620) using microtiter plate reader (Sunrise, Tecan, Austria). The experiment was performed in triplicate.
Plasmid curing
The isolates (about 10 5 cfu ml -1 ) were inoculated in tryptone soya broth with different concentrations of the curing agent (1-32 µg ml -1 ethidium bromide, Fischer Scientific) and incubated for 18 h at 30°C. Cultures that displayed growth at the highest concentration of ethidium bromide were serially diluted and plated onto tryptone soya agar to obtain isolated colonies (15-20 per plate) (Sabia et al.) . After 24 h of incubation at 30°C, each colony was picked up and inoculated on Noble agar plates containing aniline as the sole carbon source. The loss of aniline biodegradation activity was indicated by a failure of the transferred colonies to grow on Noble agar plates which are an indication of plasmid curing. The success of plasmid curing was also confirmed by plasmid extraction.
PCR amplification of specific sequences of some genes encoding for aniline biodegradation
Four genes contributing to aniline biodegradation in all isolates were selected in this study. These selected genes were cat 1,2, cat 2,3, tdnQ and tadR genes. These genes were amplified by PCR using primers in the table (2) . All genes were screened in both genomic DNA and plasmid preparation. Table 2 . List of primer pairs used in the study, their sequences, their expected product size and their references.
Gene
Primer Sequence Product Reference Size The sequence of cat 2,3 gene was taken from the GenBank sequence database of the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih. gov/). These sequences were aligned by the CLC sequence analyzer program and the Multiple Sequence Alignment (SRS) using the online program(http://srs.ebi.ac.uk/srsbin/cgi-bin/ wgetz?-page+Launch+-id+12F2q1huXNL+-appl+NClustalW2+-launchFrom+top) to detect the conserved region of that gene. PCR primers of this gene were designed with the online program primer 3 (http://www.ncbi.nlm.nih.gov/tools/ primer-blast/) available by IDT, USA.
The PCR reaction was performed in a total volume of 25 µl containing 12.5 µl of MyTaq PCR Master Mix (2X) (Bioline, Germany), 1 µl of each forward and reverse primer (10 µM) together with equivalent µls to 50 ng of the genomic DNA and finally completed to 25 µl by nuclease-free water. Amplification was performed using Primus 25 Advanced, Germany thermocycler according to thermal profile in the table (3).
The PCR reaction for cat 1,2 was performed according to protocol; 94°C for 3 min followed by 25 cycles of 94°C for 30 sec, 65°C for 1 min and 72°C for 1 min, followed by 15 cycles at 94°C for 30 sec, 55°C for 1 min and 72°C for 1 min with a final extension at 72°C for 10 min.
Finally, the PCR products were detected by gel electrophoresis by running on 1.5% agarose gel (w/v) stained with ethidium bromide using 100 bp DNA ladder (Bioline, Germany) as a reference and then illuminated under U.V spectrophotometer according to (Sambrook et al., 1989) .
RESULTS

Isolation and identification of aniline degrading bacteria
Collected samples were subcultured on the liquid medium of MSM supplied with 100 mg/l of aniline.
The present study was conducted on five isolates which their growth, biochemical and morphological characteristics supported its identity being P. aeruginosa 
Detection of isolate growth by optical density method
The growth kinetics of the five isolates were investigated by growing in a minimal medium of 100 mg/L of aniline concentration. The growth curve of the five isolates in the presence of aniline was determined by the measurement of the optical density over 10 days of incubation. The growth curves showed that all isolates had rapid growth in the presence of aniline. The isolates reached the maximum optical density from the second to the sixth day of incubation. The growth curves showed an ascendant situation in the first six days, and finally, the bacterial growth rate was decreased (Figure 1 ).
HPLC analysis of the aniline residue
For determination of the degradative capacity of the five isolates, MSM containing 100 mg/l of aniline as a sole source of carbon and energy were inoculated with 1.5×10 8 cfu ml -1 of the previously mentioned bacterial isolates separately. They were then incubated at 150 rpm for 10 days. Aniline degradation was monitored throughout the 10 days using HPLC. At the end of incubation, only 46% of aniline was degraded by P.aeruginosa (1), 33% of aniline was degraded by A. cholinophagum, and 38% of aniline was degraded by E. asburiae. On the other hand, P. aeruginosa (2) was the most efficient degrading bacterium with 61% degradation of aniline, while, A. xylosoxidans was the least efficient degrading bacterium with 27% degradation of aniline ( Figure 2 ).
Identification of metabolites produced from aniline biodegradation
M e t a b o l i c p a t h w a y o f a n i l i n e biodegradation was also investigated in this study by using the HPLC chromatography. It was observed that catechol was the first byproduct produced by aniline degradation and then it was further biodegraded to cis, cis-muconic acid following the ortho cleavage pathway. Catechol was first produced by all isolates reaching its peak early. However, the onset of formation of cis, cismuconic acid was slowly reaching its peak later on. Both of them were increasing exponentially as aniline concentration decreased and finally leveled off (Figure 3 ).
Plasmid extraction
The success of plasmid extraction of the five selected isolates was confirmed by running the DNA extracts on 1% agarose gel electrophoresis. The concentration and the purity of the isolated plasmids were estimated using the Nanodrop spectrophotometer. The Nanodrop spectrophotometer results indicated that DNA concentrations of the extracts were variable ranging from 38.3 ng /µL to 160.7 ng/ µL It was also observed that purity of DNA extracts was high ranging from 1.83 to 1.88 PCR screening of the selected genes P C R s c re e n i n g fo l l owe d by ge l electrophoresis for the specific sequences of the four selected genes, cat 2,3, cat 1,2, tdnQ and tadR, were done for the studied five isolates. It Regarding tadR gene detection, a PCR product was observed at 200 bp upon PCR. This gene (regulatory gene) was detected in the screened four isolates (isolates No. 1, 2, 4 & 5) in both the extracted genomic as well as plasmid DNA.
Plasmid curing
Plasmid curing was performed in order to determine the involvement of plasmid-encoded genes in aniline degradation, . It was observed that some colonies were unable to utilize aniline and thus failed to grow and this was due to the success of the plasmid curing. The success of curing was confirmed by the extraction of plasmids and the products obtained were electrophoresed. The result indicated that no plasmids were extracted from plasmid-cured isolates. So, it was concluded that the genes involved in aniline degradation were plasmid encoded.
In this study, thirty domestic sewage and agriculture wastewater samples and soil samples were subcultured on the liquid medium of MSM supplied with 100 mg L -1 of aniline as a sole carbon source. A total of five bacterial isolates were recovered from the different samples using the low concentration of aniline. Plating of samples on MSM agar of aniline, isolates were identified as P. aeruginosa (1 and 2) , A. cholinophagum, A. xylosoxidans, and E. asburiae according to the biochemical identification and 16s RNA result analysis.
Previous studies reported that several bacterial genera such as; (Kafilzadeh et al., 2013) . In our study, the growth kinetics of the five isolates was investigated with 100 mg/L of aniline. Growth curve of isolates in the presence of aniline during 10 days of incubation is shown in Figure  (1) . The five isolates showed rapid growth in the presence of aniline. The growth curve showed an ascendant situation, where the isolate reached the maximum optical density from the second to the sixth day of incubation. Eventually, the bacterial growth rate was decreased with time as a result of aniline depletion as a sole carbon source and also increase the toxicity of secondary metabolites.
In a similar study of aniline biodegradation (Kafilzadeh et al., 2013) , they investigated the growth kinetics of Pseudoalteromonas arctica and Corynebacterium sp. via OD method, where bacteria reached to the maximum optical density from the third to the sixth day of incubation then decreasing in growth rate with time was observed. On the other hand, the growth kinetics of Pseudomonas acidovorans and achromobacter sp. showed that the optical density reached to a maximum from 24 to 36 hours then decreased after 50 to 72 hours (Kahng et al., 1992) .
The degradative capacity of the five isolates was determined by using HPLC. The five isolates were able to grow on high aniline concentration reflecting their ability to use it as a sole source of carbon and energy. We found that about 46% of aniline was degraded by P. aeruginosa 1, about 61% by P. aeruginosa 2, 33% by A. cholinophagum, 38% by E. asburiae and 27% by A. xylosoxidans. Within 10 days of incubation indicated by analysis of the remaining concentrations of aniline using HPLC. Similarly, in another study, about 50% of aniline was degraded by Aspergillus ustus within 7 days (Hatvani et al., 2013) . Also, it was previously reported that about 31.23% of aniline was degraded by Staphylococcus aureus ST1, after incubation for three days (Ahmed et al., 2009 ), however, (Liu et al., 2002) showed that Delftia sp. AN3 degraded aniline by 100% within 7 days.
The available literature data showed that biodegradation of aniline in various bacterial cultures might proceed either according to extradiolic (meta-cleavage) or intradiolic (orthocleavage) pathway. In both cases, the primary intermediate of aniline biodegradation is catechol (Mucha et al., 2009) .
Colonies of the five isolates cultured on plates or suspended in MSM media did not develop a yellow colour.W indicates that there was no formation of 2 hydroxymuconic semialdehyde of the meta-cleavage pathway (Kim and Zylstra, 1995) i. It was then assumed that the isolates probably might metabolize aniline via the ortho-cleavage pathway. Then the next step was to perform the HPLC chromatography method to detect the presence of catechol and cis, cis muconic acid, the intermediate indicator for cleavage pathway. HPLC results revealed that the five isolates biodegraded aniline according to the ortho-cleavage pathway resulting in cleavage of the benzene ring of the catechol byproduct into cis, cis muconic acid.
It was observed that catechol was first produced in all isolates reaching its peak early; however, the onset of formation of cis, cis muconic acid was slowly reaching its peak later on. Both of them were increasing exponentially as aniline concentration decreased and finally leveled off. The concentration of catechol was found to be growing up to the 5 th day then the onset of formation of cis, cis muconic was after 48 hours of the degradation process in all isolates except for P.aerugenosa 2 where it was formed after 24 hours due to high the degradation power of the organism and increased exponentially as aniline concentration decreased. Finally, it leveled off after 10 days incubation period and appeared to accumulate in the medium.
It was previously reported that the degradation of chloroanilines occurs via a dioxygenation and deamination, resulting in the most likely intermediate product, chlorocatechol (Radianingtyas et al., 2003; Zeyer et al., 1985) . Also, the result of HPLC used in the biodegradation of aniline by Candida methanosorbosa BP-6 showed that catechol concentration was found to be growing up to the day 5, and the level of cis, cis muconic acid was highest between days 3 and 5 of fermentation which was similar to our results (Mucha et al., 2010) .
On the other hand, the onset of formation of cis, cis muconic acid was after 6 hours of the degradation process of phenol by Candida. tropicalis RETL-Cr1 (AY725426) which seemed to metabolize phenol via ortho-cleavage pathway (Tuah et al., 2004) .
Also, the application of specific primers for cat1,2 and cat 2,3 genes encoding for production of catechol 1,2 dioxygenase and catechol 2,3 dioxygenase enzymes respectively, resulted in amplification of 203 base pair of cat2,3 gene and 605 bp product of cat1,2. These results confirmed that aniline was degraded by the ortho-cleavage pathway of the resulting catechol due to the detection of for cat1,2 gene encoding for production of catechol 1,2 dioxygenase which is responsible for the ortho-cleavage pathway. However, the presence of cat2, 3 gene, and absence of its byproduct (2 hydroxymuconic semialdehyde) made us suggesting that this gene not is expressed in the isolates due to the absence of 2 hydroxymuconic semialdehyde on HPLC result.
Frateuria sp. ANA18 (Murakami et al., 2003) , Delftia sp. XYJ6 (Chengbin et al., 2009) and Candida methanosorbosa BP-6 showed to degrade aniline via the ortho-cleavage pathway with the formation of cis, cis muconic acid. However, Acinetobacter spp.YAA (Fujii et al., 1997) and Delftia tsuruhatensis AD9 (Liang et al., 2005) were reported to metabolize aniline via the meta-cleavage pathway with the formation of 2-hydroxymuconic semialdehyde.
In the current study, also tdnQ gene was detected by PCR yielding a product of 370 base pair from the P. aeruginosa (1 and 2) only. Similarly, the tdnQ gene was found in P. putida (Fukumori and Saint, 1997) . While tadQ gene and atdA gene (aniline oxygenase encoding gene which has the same function of tdnQ) were found in Delftia tsuruhatensis AD9 and Acinetobacter spp. YAA strain, respectively (Geng et al., 2009) .
Regarding tadR gene detection, a PCR product was observed at 1407 bp in its PCR amplification. This gene (regulatory gene) was detected in only four isolates (P. aeruginosa (1 Journal of Pure and Applied Microbiology and 2), A. cholinophagum and A. xylosoxidans in both the extracted genomic DNA as well as plasmids, while it was not detected in E. asburiae isolate. The gene product of tadR (TadR) showed particularly high identity with putative LTTRs for aniline degradation [TdnR from P. putida UCC22 97.6% (BAA12810) (Geng et al., 2009 ).
The bacterial transformation of aromatic compounds has frequently been shown to be plasmid encoded as reported for many microbial strains (Anson and Mackinnon, 1984; Saint et al., 1990) .
Before isolation of plasmid having susceptible degradation genes, plasmid curing suggested by (Mäe et al., 1993) was performed to ensure that the gene degrading aniline is plasmid encoded or chromosomal encoded. Plasmid curing of the five isolates showed that 90% of P. aeruginosa (1), 75% of A. cholinophagum, 60% of E. asburiae, 85% of P. aeruginosa (2) and 64% of A. xylosoxidans colonies failed to grow on aniline agar plates which were possibly due to fact that genes involved in aniline catabolic pathway were plasmid encoded. Also, this result was confirmed by the absence of plasmids bands on the gel after extraction of plasmids from the cured bacteria.
Similarly to our results, 90% of Staphylococcus aureus ST1 colonies founded to be unable to grow on aniline agar plates [55] . Also, 36% of Acinetobacter sp. strain YAA colonies could not grow on aniline on using acridine orange mutagenicity (Fujii et al., 1997) .
The plasmids of P. putida UCC22 (pTDN1) and Acinetobacter spp.YAA (pYA1) containing aniline oxidation genes, tdnQTA1A2B or atdA1A2A3A4 (Fujii et al., 1997; Fukumori and Saint, 1997) were fully sequenced in another study. However, in another study by (Liang et al., 2005) aniline biodegradation cluster (tadQTA1A2B) was detected in chromosomal DNA of Delftia tsuruhatensis AD9.
CONCLUSION
Our isolated bacteria could degrade aniline as a sole carbon source, and we founded that our strains were belonging to Pseudomonas, Enterobacter and achromobacter genera could degrade aniline via an ortho cleavage pathway. So, these isolates should be used in aniline biodegradation.
However, the presence of cat 2,3 gene and absence of its byproduct (2 hydroxymuconic semialdehyde) made us suggesting that this gene is expressed in the isolates due to the absence of 2 hydroxymuconic semialdehyde on HPLC result. Additionally, genes responsible for aniline biodegradation were detected in the isolates, and they have located on plasmid only not the chromosome. E. asburiae was not very common microorganism in aniline biodegradation as it was not studied intensely in other research articles of aniline biodegradation.
